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4, 2007; BHHZEEE, 2020), HAT MR B | #h ek
FEPRAERRAE | EMR S 32 30 TR R A 155 56 58 RN R IR 5
j(Zhao et al, 2021), WA, ZKIEI5H9 . SRS
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Fig.1 Distribution of fish resources and hydrological
environment sampling stations in coast waters south of Zhejiang
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Tab.1 Statistics of data in coast waters south of Zhejiang

= BEUR R AR N T FXE bR 22 52N R RH
Season Resource and environment factors Average Standard deviation ~ Minimum  Maximum
K YR % E Resource density /(ind./h) 310.88 1906.12 0.00 19107.00
Spring 7K Water depth /m 48.99 13.08 17.00 70.43
KR E Seawater temperature /°C 22.62 1.04 19.60 25.20
ERJE Salinity 30.80 1.86 26.30 34.20
CES PR Resource density /(ind./h) 39.20 64.20 0.00 300.00
Summer 7K Water depth /m 48.95 12.60 19.00 69.30
WK IR Seawater temperature /C 29.25 0.99 26.10 33.60
Eh P Salinity 33.24 1.15 29.00 34.50
kR PR Resource density /(ind./h) 10.50 48.17 0.00 502.00
Autumn 7K Water depth /m 49.22 13.25 17.60 71.99
/KR E Seawater temperature /C 21.68 1.53 16.60 23.90
EhPE Salinity 31.90 2.34 24.30 34.70
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W T [ 5 o T e R 2, TR W) 2R AR AR B
R 2 43 An 22 S (T #R 5 5, 2023), Mk, BEHLRE .
iR B IR B AR I IR 62 1 2 () A A s R
T KO B 2 5 e W VLR ARV R S A K A
(FEPHAL A, 2020); EhEF . KX B 65005076 B A
Y I(Zhao ef al, 2021), KR, VEEREEKIREE
AR BE FK IRAE Sy 5 1) £ 28 53 A 19 7K SO 2 1) R - o

e g 7 A R 2 F A A Ty 22 % Bk R F (variance
inflation factor, VIF)HERR = & A (A il B AS &, LAkt
B 328 MR B2 Wi AR BN B (Dai e al, 2020; Ma et al,
2020), ffifH R & F HA(V4A.0.2)“car” A Y vif
PRECHfE VIF B, —Mih, X VIF>10 B, FHEZ
L2V (R B (Bui et al, 2011; Hua et al, 2019).

1.3 TweedieGAM Bty

I SUMPEAE A (generalized additive model, GAM)
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[ AR i 2 (8] B AEZEPE 5 & (Bellido et al, 2001), BT
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fii , T ARG mAS A BEALAS &, S8 % Tw,(6,0)
KRB, T ZRE V(p)=p” 520 E, H,
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TARA—N 434 (Tanaka ef al, 2019), 0 LI T4bBRAF
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I, MEAR%% B2 )7 % (Shono, 2008):
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AIC)ffy i 2 ZH R #UL5 U1 BE (Planque et al, 2007),
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Fig.2 Distribution of D. maruadsi in the coastal waters of

southern Zhejiang in spring, summer and autumn
from 2015 to 2020
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P AEAAE 3 ANFEAT Tweedie A H 1)
Tw, (0,9) RERLSEL p 4331 1,747, 1.534 F1 1.524,
T 1<p<2, HN 3 NFTHRNE SIS, A
F 5T 1 AN AF A SRR 1 T AT HES AL A, 050l
AR RTRIZE T R Tweedie-GAM KN -
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C. @(é
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(% 3), 5200 [ 65 08 U5 70 A7 14 A% 1 R T K IR RS
R BEERMAE, BitmERERR 62.3%,
Hrp, WK TR R R K, N 30.8%, HIKEL
FE B RERAERE, 40028 17.3%. 10.3%F1 3.9%;
A2 i (R 65 06 UR A0 A A8 S oV K TR L SR
KR MEG R, Bt WEMBERN 46.5%, Hrir, K
TR DTk R K, M 35.8%, HKJELEIE . SRR
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T 25 R A 59.0%, Horp, W /K IR 1 o7 ik R A
K, h 21.2%, HREERE . KEMGE, 458
17.0%. 15.6%F1 5.2%,

2.4 INMEEFIERE S F RS HE R

B, WIRBS I BT U R B 25 B B IR
ZEEHRREEEZEAERMEELTR; £ 19.5~
25.0 “C /KR Y Bl P, 9% U 28 2 S BN S s/ Y
Bt FE 22.7 CHERBIE(E ; 7EEREEN 26~34 1Y
FRI N, 30 B VR U 1 2 ) R R LR PR e &R, MER <31
A, U B R A 38 A R, 4R >3
B, GEUR S B AR ANAR , AN TR B B i it
TN 5 S e B RN 9% R R 2 (R AE B ) AE 2Pk
X ZR(F 3).
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Tab.2 Collinearity test of explanatory variables
Ay T5 2K 1 VIF S (19 17
Season WKEE T RS 7K Depth BRI Distance 2% Lon  4iJ¥ Lat  Removing factor
HZ 1.40 1.88 5.25 4.25 43.80 36.10
Spring 1.38 1.85 3.78 2.78 1.57 - 5 Lat
1.38 1.87 3.35 2.92 - 1.29 2% Lon
HZ 1.06 1.54 3.91 4.74 42.83 37.80
Summer 1.02 1.42 3.05 2.36 1.89 - £h)F Lat
1.03 1.49 2.73 2.61 - 1.67 2% Lon
kK 1.71 2.35 4.70 4.28 38.68 30.91
Autumn 1.71 2.34 4.26 1.67 1.61 - 5% Lat
1.71 2.35 3.99 1.84 - 1.29 2% Lon
T o RRBERIZH T
Note: the “—” denotes removing this factor.
#3 AEAZFETEM GAM FEHINEFHHEXSH
Tab.3 Parameters of each factors in the optimal GAM model for each season
Season Optimal model Degree of freedom P value deviance explanation/% of cach faf:)tor 1% HEN] AIC
HZE WKEET 4.238 <0.001%** 26.9 26.9 1 097.00
Spring  h iy § 2.645 0.08 33.8 6.9
2B Lon 1.001 <0.001*** 47.6 13.8
BB R distance 3.800 <0.001 % 56.9 9.3
& WKRET 4.524 <0.001*** 35.8 35.8 878.79
Summer g i o 3.595 0.02* 40.8 5.0
HhE S 2.686 0.07 44.6 3.8
JKIR depth 1.001 0.09 46.5 1.9
#ZE K depth 2.697 0.25 24.6 24.6 622.72
Autumn gk R g T 1.000 0.19 27.9 3.3
HhE S 5.052 0.01* 39.0 11.1
£h B Lat 2.684 0.19 43.7 4.7

W *h P<0.05, **J P<0.01, ***3 P<0.001,
Note: *: P<0.05, **: P<0.01; ***: P<0.001.

B2 R 05 U 8 5 I 28 P8 1 o 22 e/ N 1R
fkass, LhEE R 28.5°N I ¥E IR ik B/ IMA, 26
28.5~29.0°N 75 [l PN X 9 5 2% 13 EL A T 38 ) TE 00
IKIRBETE 26~34°CHU RN, 5% 2 2 eRARZ M
KFR, AR RN, 507 28.0 C
F1 30.3 CHYEUAS I AEAMINE ; $hBERITE IR B 2 1]
BHERGE R, SRl 323 MIABIR KM ; KIRTE
20~70 m FEEIP, 5 PR B 2 AR IEAR DG Ze b5
R, EIGEURR BE B K TR g m R S(E 4).

BT, Wi (5] 65 B U5 R B 2 2 ) 3 o 2 S R s
LR BRI S, AR 27.8°N I BT R B Bk
R TR il A VA I I R P 3 D R e N, 3 =2 1]
FAER MRS R SREEAE 29.0~34.5 JEFIN, BIR
S JEE W A TR 1 2 el N R S I S R e
JE 29.8 IRFBIHR/IME, XSRS B B IR R4
JE Z 18] ) AE A AR B 5 72K TR 20~70 m J [N, BE
U BE MK R 2Z i) 2 2 PORAR LM SC R, R B Se i
I AR R (A 5).



o FaAE: FET Tweedie-GAM $RFTHI T 1 w8 I A3 4 [ 65 BT IR 70 A5 e 55 3R BE 11 G &

17

L5 EERLN s (Latitude)

RN s (Salinity)

Z RN s (Longitude)

EhBERURL s (Salinity)

N
N
c b by I Ll |

121.0

/
(TN NI

121.5 122.0 122.5 123.0
2% Longitude/°E

v i o whw o o]

28 30 32 34
LB Salinity
3

JKIBZUN s (Temperature)

2ﬂ®) /

.
[ AN TR NN RN NRTIRT RURRTRNRRT RN RN SR

B REEBRW s (Distance)

20 21 22 23 24 25
7K Temperature/'C

! Lovvw v b v il T B

40 60 80
B R EE RS Distance/m

100

2 W TP AT VAR (B 5 B R B PR TN T 2 T SR AR

Fig.3 Relationship between resource density of D. maruadsi and environmental
factors in coast waters of southern Zhejiang in spring
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FES N, VKU RE R B I BAE 3 2 Y e A
Rivp R, ARWFFEIA R, WK EE R RS i
MANEE RS el A 38 i TR D s i) A S e
GAM Z5R IR, KR B R ZE fLE 2R iR
(53] 6% 5% 5 2% 55 4 0] 0 A B B B AR BRI P 2 — (31
BT K 26.9%F1 35.8%) . T 7K U5 B AN RE 52 i £,
KW EE K VB A N AR AR, 2020),
T B A AR RIS 25 43 A DL RS IR R, (R 2 5 )
#2543 45 5 F (Lewin et al, 2014), {571 #45(2018)
W52 BH , e ALV 00 1R 65 76 5 2 N 2 11 18 TR
LR3I 25.3~26.0 THI 29.0~29.7 C, TMiAMFFE
IR, WU R TV A ) 5 A R 3 LR A
AR 22~23 CHI 27~29 C, BEAKT HAbMEE, X AT fE
55 5 A g 0 A T B 7 A RUBE 5 K LA K 1 25 i )
XK, (R EEAS [) g (5 5 B A7 A 25 5 IR B AR 45
2007), DA X v K R B4 7 91 T A 2 7 A — 5 1Y)
SR . BARANHIE Y B 2 I B i W KT B S VA S
(QQOI8)ES RAFFEZE S, (H IR 5 /K IR B2 2 1] (1)
AL IEAA B, Y2 E N, X
AIRE S TR N RS =00 &5, 75— el
PRI KR T R RE IR SR IR R B,
T 45 7= B 2R AR B0 3G n L (W) B v Sy &y 4
AR F IR (B = TE 45, 2019), {H 4K iR
M S — YRR, TR KRR G Ak S T v 2 B AR R
TP KRG B AF TG R, I 5 m AR £ ) B3 (Zhao
et al,2021),
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Abstract This study used Tweedie-GAM to evaluate the distribution characteristics of Japanese scad
(Decapterus maruadsi) in spring, summer, and autumn (from 2015 to 2020) and its relationship with
marine environmental factors. The fishery resources data from the southern Zhejiang coastal waters were
combined with the hydrological environment survey data collected simultaneously. The results showed
significant differences in the Japanese scad spatial distribution in different seasons. Japanese scad is
mainly concentrated in the nearshore waters in spring and concentrated primarily on the south and north
regions of the Zhejiang southern waters in summer, showing a "high on both sides, low in the middle"
pattern. The distribution pattern in autumn is opposite to that in spring, wherein the Japanese scad mainly
concentrated in open waters. There are some differences in the key influencing factors of Japanese scad in
different seasons. In spring, with a range of 19.5~25.0 'C, the resource density firstly showed an
increasing trend and then decreased with the rise in water temperature, peaking at 22.7 C. During summer,
the water temperature reached 28.0~30.3 ‘C, and the resource density showed the maximum value when
the salinity was 32.3. In autumn, the resource density showed a decreasing trend and later increased with
the increment in the water salinity, with a minimum value of 29.8. The relationship between resource
density and water depth remained stable, showing a multi-wavy nonlinear relationship, with an overall
increasing trend and later stable pattern. This study revealed the relationship between the Japanese scad's
temporal and spatial distribution characteristics and environmental factors. It provides a research
reference for the conservation, management, and sustainable utilization of Japanese scad in the coastal
waters of southern Zhejiang.

Key words Decapterus maruadsi; Tweedie-GAM; Resource distribution; Environmental factors;
Coast waters of southern Zhejiang
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